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The Marginal and internal fitness play an important role in the longevity of crown restoration. A number of factors might affect this fitness such as: preparation design, location of the margin (supra or subgingival), quality of milling device, milling bur, cement spacer and image capturing system 1, 2, 3 . In the fabrication of a prosthesis using a CAD-CAM workflow, long term success depends on the system involved in scanning the tooth surface and in prosthesis design which determine the marginal and internal fit of the restoration to the abutment tooth 4 .
The scanning of the recommended area for reconstruction is done with intra-oral scanner instead of conventional impression that enormously contributes to easier workflow and assists in preparation and cementation of crown in one session 2, 5 . The advancement of intra-oral cameras for high precision scanning, sophisticated software and milling standardization has reduced the marginal and internal discrepancy of crowns fabricated by CAD-CAM systems 2 . Modeling and milling depends mainly on the data acquired from the optical impression, so the use of most precise intra-oral scanners would be favorable to improve the quality of internal and marginal adaptation of restorations 6 . Digital work helps in better restoration fitness because the scanned teeth can be magnified greatly and allows better restoration design besides that any area look to be insufficiently reproduced can be re-examined and rescanned 2, 5 .
Materials and Methods
Forty sound human maxillary first premolar teeth of comparable size and shape extracted for orthodontic purpose from patient age (18-24) years were selected and collected in this study. Only sound teeth which are free from caries, cracks and enamel defects were selected 7 . The teeth were stored in deionized distilled water to keep them hydrated during all stages of the study 8 . All teeth were embedded in cold cure acrylic resin ( Fig.1 ) 2mm below cemento-enamel junction according to the level of supporting alveolar bone 7 . All teeth were prepared to receive monolithic zirconia crown, the preparation was done by one operator to avoid inter-examiner differences 9 . Tooth preparation was done with aid of modified dental surveyor to which high speed hand-piece with water/air coolant was adapted to its' horizontal arm in such away so that bur will be kept parallel to the long axis of the tooth during axial wall preparation. A horizontal table (movable) was used to secure the acrylic block to ensure that long axis of tooth will be parallel to the bure and maintain the same convergence angle of preparation 10 . Teeth were then prepared for all ceramic restoration following the guidelines recommended for inCoris TZI C with the following features: (planner occlusal reduction, axial reduction 1mm-1.5mm, deep chamfer finishing line 0.8mm in depth, 6 0 convergence angle, and 4mm occluso-gingival height), these preparations were made by rugby ball bur (NO. 804647), round end tapered fissure bur (NO. 903319) for preparation and (NO. 931749) for finishing.
All fabrication procedures including model scanning, software designing, milling and sintering protocols were done according to the manufacturer instruction of zirconia (inCoris TZI C) and CAD-CAM milling system used. For the purpose of standardization a single scanning protocol was applied to all the three types of scanners, and a three dimensional digital model was produced and exported as STL file image.
The latest versions of intraoral scanners (CEREC Omnicam, Trios3, CS3600) were selected for this study, since in digital dentistry modeling and milling depend essentially on the data acquired through the optical impression. Sirona InLab software 16.1, 3Shape design software and exocad were used to designate crown restoration. In order to standardize the dimension and shape of final crown restoration for all specimens, one crown was considered as a reference for all the other groups and the fabricated crown was scanned and used to design the other monolithic crowns 11 . The crowns of all groups were milled by the same milling machine MCX5 (Sirona, Germany). The design of all groups was exported to CAM inLab SW16.1. The crowns after milling procedure were sintered into inFire HTC speed furnace (Sirona, Germany). Custom made holding and cementation device was used in this study to secure zirconia crown on natural tooth sample and to maintain seating force during cementation procedure 12 . A modification was added to this device, this modification allows more accurate seating of crown restoration for all specimens by allowing single standardized direction of applied load (5kg) that is perpendicular to the occlusal surface of crown restoration during cementation.
In this study, the fitness of crown was evaluated by direct measurement of cement thickness through sectioning procedure which is very beneficial tool that helps to reduce chance of software and repositioning error 13 , and allow uninterrupted view of the gap 14 . This procedure require embedding of tooth sample in acrylic resin to reduce chance of sample destruction 15 . In order to make standardized cutting area through the specimen during sectioning procedure, a single seating position was chosen in sectioning machine for all specimens. A suctioning blade of 0.3mm thickness was used (Fig. 2, 3, 4) . A digital microscope was used to measure the cement space between the zirconia crown and tooth at predetermined points. The magnification of 230X was used in this study because it was large enough Eleven different predetermined measuring points were selected for each sample, these points indicate the four measuring different areas: (two marginal, two chamfer, four axial, three occlusal) (Fig. 5) 
results
Descriptive statistics of the gap at the different areas of the five different groups measured in ¼m were listed in Table 1 . The highest mean value of the gap was recorded at the occlusal area (170.652, ±8.579) of Group D, while the lowest mean value of the gap was recorded at the marginal area (59.038, ±9.667) of Group C. 
discussion
The quality of prosthetic restorations is ensured through the exactness of internal and marginal fit. CAD-CAM technology has allowed fabrication of more precise ceramic crowns than conventional methods. Marginal and internal fitness of CAD-CAM restoration will depend on the quality of 3-dimentional (3D) image. The important part in the planning of a prosthesis is making an accurate virtual cast of the prepared tooth 16 . The different working principles (technological aspect) used by various intra-oral scanners could lead to different scan precision 17 . Trios3 system works with concept of ultrafast optical sectioning and confocal microscopy, in which the variations in the focus plane are recognized by the system 16, 18, 19 . Carestream 3600 system works according to the principle of active 3D video, it is LED light scanner 6 . CEREC Omnicam works with active triangulation technique and emits white light of different wavelength that focused on the same point. If the surface presents an uneven light dispersion it might decrease the scanning accuracy 16, 18, 19 .
2.
All scans were exported as STL files, in this file format a scanned surface is approximated using triangle from the point cloud generated by 3Dscanner. Scanners with high-definition sensors generated more points and a shorter point to point distance thus producing more triangles for surface reconstruction that would result in a more detailed representation of the scanned body. The Trios3 had the lowest number of triangles 20 .
3.
The physical resolution of the scanning system and further the post processing of the data 21 .
4.
The fit of restoration was influenced by the quality of design program, by the translation of the design code into the numerically controlled milling process and by the quality of the milling device themselves (the use of small bur diameters and higher degree of freedom of milling axis lead to smaller gap) 22 7, 16, 18, 20, 23 . conclusion As a conclusion, the intra-oral scanner that provides more accurate seating of monolithic crown restoration is TRIOS3. 
